Background: Patients with either osteoporosis or depression are prone to develop other diseases and require more medical resources than do the general population. However, there are no studies on health-related quality of life (HRQoL) and medical resource use by osteoporosis patients with comorbid depression. We conducted this study for clarifying it. Methods: This cross-sectional study from 2005 to 2010 (6 years) analyzed 9776 National Health and Nutrition Examination Survey (NHANES) patients > 40 years old. Each patient was assigned to one of four groups: osteoporosis-positive (+) and depression-positive (+) 
Introduction
Osteoporosis is a common skeletal disorder that leads to a systemic reduction of bone mass, strength, and skeletal microarchitecture [1] , and it significantly increases the risk of fractures. The subsequent loss of mobility often causes a major reduction in health-related quality of life (HRQoL). The World Health Organization (WHO, Geneva, Switzerland) reported that osteoporosis is a major cause of serious health problems and increases mortality in elderly patients. In 2010, about 22 million women and 5.5 million men in the European Union had osteoporosis [2] . About 8 million women and one to two million men had osteoporosis in the United States (USA) in 2012 [3] , and the prevalence is
Methods
The National Health and Nutrition Examination Survey (NHANES) is a cross-sectional survey conducted by the Centers for Disease Control and Prevention's (CDC, Atlanta, GA, USA) National Center for Health Statistics (NCHS, Hyattsville, MD, USA). NHANES collects data on the health and nutritional status of the USA's adults and children. We used the data from 2005 to 2010 of patients > 40 years old [25, 26] ). Patients with missing BMD data and incomplete HRQoL information were excluded. In our study, each patient was assigned to one of four groups: O + /D + ; O − /D + ; O + /D − ; or O − /D − .
In NHANES, depression was measured using the Patient Health Questionnaire (PHQ-9), a nine-item screening instrument that asks questions (scored from 0 [not at all] to 3 [nearly every day]; total score: 0-27) about the frequency of symptoms of depression over the previous 2 weeks.
A score ≥ 10, commonly used in clinical studies to define depression, has been well validated. Whether a patient was diagnosed as O + or O − was based on the dual-energy X-ray absorptiometry (DXA)-determined BMD of the total femur, femoral neck, trochanter, intertrochanter, Ward's triangle, total spine, and vertebrae L1-L4. Patients were diagnosed as O + or O − if one of three criteria was met: (1) femur neck BMD < 0.558 g/cm 2 , (Cunningham [27] ) (2) T-score < −2.5 standard deviations (SDs), (3) patient said "yes" to the question: "Has a doctor ever told you that you had osteoporosis, sometimes called 'thin or brittle bones'?" (T-score = [BMD − reference BMD]/reference SD; reference group: 20-to 29-year-old non-Hispanic white women).
Health-related quality of life (HRQoL) is useful because it provides information on an individual's physical and mental health status and on its effect on their QoL [28] . The HRQoL-4 tool, which was developed by the CDC, includes four questions: (1) "How many days during the past 30 days was your physical health not good?"; (2) "How many days during the past 30 days was your mental health not good?"; (3) "How many days during the past 30 days did pain make it hard for you to do usual activities, such as self-care, work, or recreation?"; (4) "Would you say your health in general is: excellent, very good, good, fair, or poor?".
The three measurements of hospital use and access to healthcare in this study were obtained from answers to the Hospital Utilization & Access to Care questionnaire (HUQ_G) in NHANES: (1) What kind of place do you routinely go to for healthcare? This had three possible answers: a clinic or health center, a doctor's office or health maintenance organization (HMO), or others; (2) the number of healthcare visits/year was categorized into two categories: 0-3 visits and > 4 visits; (3) hospitalized overnight last year was categorized into yes or no.
Demographic characteristics included gender, age, race (non-Hispanic white, non-Hispanic black, Mexican American or other Hispanic, other race [including multiracial]), education (<high school, high school or equivalent, college graduate or above), marital status (married, never married, widowed, living with partner, or separated or divorced), and the ratio of family income to poverty (RIP). Health condition variables include body mass index (BMI: < 18.5, 18.5-25.0, ≥ 25.0), cigarette smoking, alcohol drinking, sleep disorders, hypertension, and diabetes.
The NHANES is a publicly available database and approved by the National Center for Health Statistics institutional review board. All participants provide written informed consent. This study was approved by the Institutional Review Board of Kaohsiung Medical University Hospital (KMUHIRB-EXEMPT(I)-20170030).
Statistical Analysis
Descriptive statistics were used to compare the characteristics of disease groups. The χ 2 test was used for categorical variables, and the analysis of variance (ANOVA) was used for continuous variables. Multivariate linear regressions were used to analyze physically unhealthy days, mentally unhealthy days, and limited activity days. Multivariate logistic regressions were used to analyze hospital use and health conditions between groups after gender, age, race, education, marital status, the RIP, BMI, cigarette smoking, alcohol drinking, sleep disorders, hypertension, and diabetes had been adjusted for. SAS 9.4 (SAS Institute Inc., Cary, NC, USA) was used to analyze the data. Significance was set at p < 0.05.
Results
Of the 9776 patients evaluated in this study, 7868 (80.48%) were O − /D − , 999 (10.22%) were O + /D − , 767 (7.85%) were O − /D + , and 142 (1.45%) were O + /D + ( Table 1 ). The flow chart of this study was performed, as shown in Figure 1 . Osteoporosis + /depression + patients were more likely to be female (84.51%), to be widowed, separated, or divorced (57.05%), to be less educated (50.70%), to be Hispanic (Mexican American or other) (32.39%), and to have a lower RIP than did other patients. They were more likely to smoke cigarettes (64.79%), to drink less alcohol (50.70%), and to have more hypertension (66.90%), sleep disorders (32.39%), and diabetes (32.39%) than did other patients. Osteoporosis (+) /depression (+) patients had significantly (p < 0.001) more totally unhealthy days (23.33 ± 9.94), mentally unhealthy days (17.82 ± 16.78), physically unhealthy days (16.78 ± 15.42), and days of limited activity (12.85 ± 14.01) in the previous 30 days than did other patients ( Table 2) . More of them reported that their health was fair (40.14%) or poor (36.42%) and that they had more than four healthcare visits per year (79.58%), and more of them (39.44%) said that they had been hospitalized overnight often in the previous year. All patients in all groups said that they often went to a doctor's office or an HMO for healthcare in the previous year. Table 3 indicates that D + patients had significantly (p < 0.001) more days during which they were physically and mentally unhealthy, and significantly more days when their activity was limited than did D − patients. Osteoporosis + /depression + group patients had more days that were physically (β = 10.94), mentally unhealthy (β = 14.13), and totally unhealthy days (β = 15.13), and more days of limited activity (β = 10.25) than did O − /D − group patients. However, only O + /D − patients had fewer mentally unhealthy days than did O − /D − patients. There was no significant difference of medical resource use between groups in visiting the doctor's office or HMOs ( Table 5 ). The group risks for a greater number of healthcare visits (>four times in the previous year) after adjustment were O + /D + (AOR: 3.25; 95% CI: 2.12-5.00; p < 0.001), O − /D + (AOR: 2.09; 95% CI: 1.76-2.47; p < 0.001), and O + /D − (AOR: 1.57; 95% CI: 1.35-1.82; p < 0.001) than was that of the O − /D − group. In addition, the group risks to be hospitalized overnight in the previous year after adjustment were O + /D + (AOR: 2.71; 95% CI: 1.89-3.90; p < 0.001), O − /D + (AOR: 1.80; 95% CI: 1.48-2.18; p < 0.001), and O + /D − (AOR: 1.32; 95% CI: 1.10-1.59; p < 0.003) than was that of the O − /D − group (Table 5 ). 
Discussion
This is the first study that examines the HRQoL and medical resource use of patients with osteoporosis and depression. After we reviewed the data of a nationally representative sample of the USA's population, we found that depression severity more significantly affected HRQoL than did osteoporosis. However, both diseases significantly affect medical resource use: O + /D + patients reported more healthcare visits overnight hospitalizations during the previous year, and worse health during the NHANES study.
In our study, although O + patients had worse HRQoL than did O − patients, HRQoL was significantly more negatively affected in D + patients. We found that being D + was associated with more physically and mentally unhealthy days and with more limited activity days than was being O + . This is consistent with many other studies [29] [30] [31] [32] [33] . It also indicates that O + patients might not develop clinical symptoms until their bones become so fragile that a sudden strain, bump, or fall causes a bone fracture. This is why osteoporosis is often called "the silent thief" [34] . Reduced HRQoL in patients with osteoporosis is caused primarily by fractures, particularly of the spine or hip, which cause pain and impair physical, social, and mental function [35] [36] [37] . Therefore, many HRQoL instruments that measure the effects of osteoporosis focus on vertebral, hip, and other nontraumatic fractures on patient function and psychosocial well-being [38, 39] , and find poor HRQoL after fractures [22] . However, although the primary O + symptom is fracture, other problems, (e.g., the RIP, education, chronic pain, and cigarette smoking) reduce physical capacity and function, and depression worsens the HRQoL of O + patients [20, 40] .
It is well-known that having a regular doctor or some other usual source of healthcare is important to health outcomes [41] [42] [43] . Although other studies reported that O + patients go most often to a doctor's office or HMO more than to clinic or health center [44] , we found no significant difference in the type of routine healthcare provider visited. This might be explained by the absence of a universal national healthcare provider in the USA, by the extraordinarily wide range of prices for even routine healthcare treatments, by the inability of American residents to afford healthcare, or by a combination of some or all of these reasons. There is growing interest in investigating the effects of the currently chaotic and volatile healthcare environment in the USA on healthcare and outcomes there [45, 46] .
Other studies [33, 47, 48] have hypothesized that of depression is significantly related to using medical resources. There is also evidence from other studies [24, 44] which shows that O + patients are more likely to have visited a general practitioner's office in the previous four weeks, to make ≥ 4 healthcare visits/year, and to have been hospitalized overnight in the previous year. Our study demonstrated that being both O + and D + is positively associated with the frequency of using healthcare providers and medical resources, and with healthcare outcomes.
An Austrian Health Interview Survey [24] said that most medical resources used by O + patients > 65 years old was affected by depression, which is consistent with our findings. Therefore, effectively screening and managing depression should reduce the costs and the overall use of medical resources, and it should improve healthcare outcome.
Strengths and Limitations
The strengths of our study are that we used population-based data of O + and D + patients ≥ 40 years old, and that our statistical models were controlled for possible confounding sociodemographic, anthropometric, and health variables. Our study also has some limitations. First, the data were from a discontinuous eight-year NHANES study. Second, the NHANES is a cross-sectional rather than a longitudinal cohort study; thus, it is not possible to infer causality. Third, the follow-up for all patients was only a little longer than two years. Fourth, HRQoL and medical resource use were self-reported data, but patients might not have understood the questions, or patients might have been affected by a social desirability bias [49] . Fifth, the severity of depression was not stated for each patient, but different severity levels might significantly affect HRQoL and medical resource use. Sixth, the types and quality of medications used to treat osteoporosis and depression have not been evaluated, but they might affect HRQoL and medical resource use. Seventh, the depressive symptoms of more than half the USA's NHANES participants had not been treated, and about three-quarters of them had severe depression but did not take antidepressants [50] .
Conclusions
HRQoL was significantly more affected by depression than by osteoporosis. Osteoporosis + patients comorbid with depression were likely to have required more medical resources in the previous year, and to have felt that their health was poorer than was that of O + /D − , O − /D + , and O − /D − patients. Therefore, it is important to focus on preventing O + patients from developing depression. This study implicates that it is necessary to consider the psychological status when the clinicians approach osteoporotic patients in clinical practice. Early detection and intervention of depression in osteoporotic patients may have the opportunity to improve HRQoL and reduce the use of medical resources. 
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